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(57) ABSTRACT

An adjustment-free cushioning air cylinder includes an air
cylinder body, a piston, a first check valve, an upper air way,
a second check valve and a lower air way. An air chamber is
formed inside the air cylinder body. The piston slides in the air
chamber. One end of the piston extends to the external of the
air cylinder body. The piston does a reciprocating movement
in the air chamber and divides the air chamber into an upper
air chamber and a lower air chamber. The first check valve is
disposed in the piston, one end of the first check valve is
connected to the upper air chamber, and the other end is
connected to the lower air chamber. The upper air way con-
nects the upper air chamber with the outside. The adjustment-
free cushioning air cylinder of the invention does not need to
adjust the entering flow rate of the air, but the entering flow
rate can be automatically adjusted to produce cushioning
resistance as the user is walking according to the walking
speed. The present invention has a simple structure, high
cushioning performance, lower cost, and is not easy to dam-
age, thus can greatly improve the product competitiveness.

3 Claims, 6 Drawing Sheets
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ADJUSTMENT-FREE CUSHIONING AIR
CYLINDER

CROSS REFERENCE TO RELATED
APPLICATION

This Application claims the priority of TW Patent Appli-
cation No. 101112028 filed on Apr. 5, 2012, which applica-
tion is incorporated herein by reference in its entirety.

TECHNICAL FIELD

The present invention relates to a cushioning air cylinder,
especially to an adjustment-free cushioning air cylinder
which can be used in a prosthesis joint.

BACKGROUND ART

The air cylinder is a structure which controls air pressure
by using the piston’s stretch out and draw back and has
characteristics of accepting accumulation of pressures and
automatically returning after removing external forces due to
the compressibility of air pressure. Thus, it is applicable in a
lot of living goods such as trunk of the car, automatic door
closer, and sports equipment, and apparently an extremely
broad range of applications in the market.

The air cylinder is also applied to prosthesis joint and used
as medical device providing cushioning function as an alter-
native of joint. In the common design of the prosthesis joint,
the functional purpose is realized mainly by filling the cylin-
der with air having a predetermined pressure and then coop-
erating with the operation of the piston rod.

The air needs to be filled and adjusted to reach particular
pressure value before the assembly, while after a period of
use, the air pressure in the air cylinder body will be gradually
leaked, which further leads to lack of air resistance and the
defect that the cushioning effect is reduced.

On the other hand, in order to guide the circulation of the
internal air, the air cylinder requires additional air flow chan-
nel structure, which increases the production complexity and
the weight of air cylinder.

In conclusion, the traditional cushioning air cylinder seals
the air in the inner of the cylinder body to circulate, which
usually requires complex mechanism to reduce the leaking
speed of the air; however the defect of air leakage under
long-term use has not been overcome yet, the users still have
to endure the trouble of repairing and readjustment, and are
unable to feel substantial convenience and adequacy.

SUMMARY OF THE INVENTION

The present invention provides an adjustment-free cush-
ioning air cylinder which can be used in prosthesis joint to
make the prosthesis have the same cushioning and supporting
functions as the body joints.

Based on the above-described contents, the present inven-
tion provides an adjustment-free cushioning air cylinder
comprising an air cylinder body, a piston, a first check valve,
anupper air way, a second check valve and a lower air way. An
air chamber is formed inside the air cylinder body, one end of
the piston is slidably disposed in the air chamber, and the
other end of the piston extends to the external of the air
cylinder body. The piston divides the air chamber into an
upper air chamber and a lower air chamber and does a recip-
rocating movement between a first position and a second
position in the air chamber. The first check valve is disposed
in the piston, one end of the first check valve is connected to
the upper air chamber, and the other end is connected to the
lower air chamber, so as to allow the air unidirectionally (in
one-way) flowing from the upper air chamber to the lower air
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chamber. An upper air way is formed within the air cylinder
body, and connects the upper air chamber with the outside.
The second check valve is disposed in the upper air way, one
end of the second check valve is connected to the outside, and
the other end is connected to the upper air chamber, so as to
allow the air unidirectionally (in one-way) flowing from the
outside to the upper air chamber. A lower air way is formed in
the air cylinder body and connects the lower air chamber with
the outside.

Wherein, a bore diameter of the upper air way is larger than
that of the lower air way so that the entering flow rate of the air
chamber is larger than the discharging flow rate.

The present invention is beneficial in that the adjustment-
free cushioning air cylinder uses a design of a simple air way
which allows air entering from the top and discharging from
the bottom to avoid the complex design of the air way of the
traditional cushioning air cylinder. By using the check valve,
the present invention can prevent the air from counter-flowing
in the air way so that the air cylinder can be automatically and
unidirectionally filled with external air, and can avoid the
defect of leakage existed in the traditional air cylinder due to
the aging of the device. The adjustment-free cushioning air
cylinder of the invention does not need to adjust the entering
flow rate of the air, but the entering flow rate can be automati-
cally adjusted to produce cushioning resistance as the user is
walking according to the walking speed. The adjustment-free
cushioning air cylinder of the invention can be directly
installed on the prosthesis joint for operation, which avoids
the complex adjustment procedure of the traditional air cyl-
inder. The present invention has a simple structure, high cush-
ioning performance, lower cost, and is not easy to damage,
thus can greatly improve the product competitiveness.

The features and the technical contents of the present cre-
ation will be further appreciated from the following detailed
description and figures which are illustrated for reference and
explanation only but not to limit the extent of the scope of the
present creation.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a cross-section schematic diagram of the first
embodiment of the present invention.

FIG. 1A is a schematic diagram of the air flow direction
when the piston is moving upwards of the first embodiment of
the present invention.

FIG. 1B is a schematic diagram of the air flow direction
when the piston is moving downwards of the first embodi-
ment of the present invention.

FIG. 2 is a cross-section schematic diagram of the second
embodiment of the present invention.

FIG. 3 is a cross-section schematic diagram of the third
embodiment of the present invention.

FIG. 4 is a cross-section schematic diagram of the fourth
embodiment of the present invention.

LIST OF REFERENCE NUMERALS

the air cylinder body 1
the air chamber

the upper air chamber
the lower air chamber

the upper air way 12
the lower air way 13
the piston 2
the upper air way 21
the first check valve 3
the second check valve 4
the sealing ring 5
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-continued
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the sound-absorbing cotton
the air adjusting valve
the third check valve 8

~

The present invention provides an adjustment-free cush-
ioning air cylinder which can be used in prosthesis joint to
make the prosthesis to have the same cushioning and support-
ing functions as the body joints.

Embodiment 1

Referring to FIG. 1, the adjustment-free cushioning air
cylinder of the present invention comprises an air cylinder
body 1, a piston 2, a first check valve 3, an upper air way 12,
a second check valve 4 and a lower air way 13.

An air chamber 11 is formed inside the air cylinder body 1,
and the air chamber 11 accommodates the piston 2 therein.

The piston 2 extends towards the external of the air cylinder
body 1. One end of the piston 2 is slidably disposed in the air
chamber 11, and the other end of the piston 2 extends to the
external of'the air cylinder body 1. A sealing ring 5 is disposed
on the piston 2 to close the gap between the piston 2 and the
air cylinder body 1, then the air chamber 11 is divided into an
upper air chamber 111 and a lower air chamber 112, and the
piston 2 optionally does a reciprocating movement in the air
chamber 11 so that volumes of the upper air chamber 111 and
of the lower air chamber 112 are variable.

The first check valve 3 is disposed in the piston 2, one end
of'the first check valve 3 is connected to the upper air chamber
111, and the other end of the first check valve 3 is connected
to the lower air chamber 112. The air in the upper air chamber
111 can enter the lower air chamber 112 through the first
check valve 3, but the air in the lower air chamber 112 can not
counter-flow into the upper air chamber 111 due to the stop-
ping function of the first check valve 3.

The air cylinder body 1 forms an upper air way 12 and a
lower air way 13, the two ends of the upper air way 12 are
connected to the outside and to the upper air chamber 111,
respectively, and the two ends of the lower air way 13 are
connected to the lower air chamber 112 and to the outside,
respectively. Wherein the terminal end of the lower airway is
provided with sound-absorbing cotton 6 for eliminating the
noise generated when the air is discharged.

The second check valve 4 is disposed in the upper air way
12, and can make the air flow unidirectionally (in one-way)
from the outside to the upper air chamber 111. As shown in
FIG. 1A, when the piston 2 moves upwards, the volume of the
upper air chamber 111 is gradually decreased and the air
pressure thereof is gradually increased, then the second check
valve 4 is closed so that the external air can not enter the upper
air chamber 111. Meanwhile the volume of the lower air
chamber 112 is gradually increased and the air pressure
thereof is gradually decreased, then the first check valve 3 is
subjected to a pressure difference and opened so as to fill the
lower air chamber 112 with the air from the upper air chamber
111.

As shown in FIG. 1B, when the piston 2 moves downwards,
the volume of the upper air chamber 111 is increased and the
air pressure thereof is gradually decreased, then the second
check valve 4 is opened so that the external air can flow into
the upper air chamber 111 through the second check valve 4.
Meanwhile the volume of the lower air chamber 112 is
decreased and the air pressure thereof is gradually increased,
then the first check valve 3 is closed so that the air in the lower
air chamber 112 can be compressed by the piston 2, flow into
the lower air way 13 and discharged out of the air cylinder
body 1.
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Since the adjustment-free cushioning air cylinder is sub-
jected to a downward-pushing for a longer time than that of
upward-pulling, the piston 2 is liable to be in a lower position
so that the downward stroke thereof is smaller than the
upward stroke. In order to quickly pull up the piston 2, in the
present embodiment, a bore diameter of the upper air way 12
is larger than that of the lower air way 13, and a bore diameter
of'the first check valve 3 is larger than that of the lower upper
air way 13, to allow the flow rate for inhaling the air form the
external into the air chamber 11 greater than the flow rate for
discharging the air out of the air chamber 11. When the piston
2 moves upwards, the first check valve 3 is opened, the air
quickly moves to the lower air chamber 112 from the upper air
chamber 111, which makes the piston 2 quickly move
upwards. When the piston 2 moves downwards, the lower air
chamber 112 slowly discharges the air due to the narrower
bore diameter of the lower upper air way 13, which makes the
lower air chamber 112 have an instantaneous high pressure so
that the cushioning function can be realized by means of the
air. Moreover, the upward movement speed or the downward
movement speed of the piston 2 can determine the air pres-
sure. When the piston 2 moves upwards or downwards slowly,
the air in the lower air chamber 112 has enough time to be
vented to the external of the air cylinder body 1 through the
lower air way 13 and thus the air pressure of the lower air
chamber 112 will not be increased; as the upward movement
speed or the downward movement speed of the piston 2 is
accelerated, since the bore diameter of the upper air way 12 is
greater than that of the lower air way 13, the air in the upper
air chamber 111 is continuously compressed into the lower air
chamber 112 through the first check valve 3, which makes the
airinthe lower air chamber 112 fail to be discharged timely so
that the air pressure of the lower air chamber 112 will be
increased. When the upward movement speed or the down-
ward movement speed of the piston 2 is continuously accel-
erated, the air pressure of the lower air chamber 112 as well as
the cushioning resistance will also be increased, so that the
effect of automatically adjusting the cushioning resistance
with manual-free adjustment can be realized by means of the
upward movement speed or the downward movement speed.
Embodiment 2

As shown in FIG. 2, the present embodiment is different
form the first embodiment in that the present embodiment
further includes a third check valve 8 which is disposed in the
lower air way 13, the third check valve 8 makes the air flow
unidirectionally (in one-way) form the lower air chamber 112
to the outside.

When the piston 2 moves upwards, the air pressure of the
upper air chamber 111 is increased and the air pressure of the
lower air chamber 112 is gradually decreased, then the first
check valve 3 is opened, the second check valve 4 and the
third check valve 8 are closed, so that the air chamber 11 is
filled with the external air while the air in the air chamber 11
flows into the lower air chamber 112 from the upper air
chamber 111 due to the opening of the first check valve 3.

When the piston 2 moves downwards, the air pressure of
the upper air chamber 111 is decreased and the air pressure of
the lower air chamber 112 is gradually increased, then the first
check valve 3 is closed, the second check valve 4 and the third
check valve 8 are opened, so that the upper air chamber 111 is
filled with the external air entering through the second check
valve 4 while the air in the lower air chamber 112 is com-
pressed by the piston 2 to be discharged out of the air cylinder
body 1.

By using the design of the first check valve 3, the second
check valve 4 and the third check valve 8, the external air can
unidirectionally (in one-way) enter the upper air way 12 and
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be discharged out of the air cylinder body 1 through the lower
air way 13. And the diameter bore of the upper air way 12 is
larger than that of the lower air way 13, the diameter bore of
the first check valve 3 is larger than that of the lower air way
13 so that the adjustment-free cushioning air cylinder fills the
air chamber 11 with external air quickly, thus the upward
movement speed of the piston 2 is accelerated. Furthermore,
since the diameter bore of the lower air way 13 is narrower,
the piston 2 pushes down slowly to discharge the air, which
makes the lower air chamber 112 have an instantaneous high
pressure, so that an effect of cushioning can be obtained by
means of the air. When the upward movement speed or the
downward movement speed of the piston 2 is accelerated
continuously, the air chamber 11 will discharge the air more
slowly, the density of the air pressure of the lower air chamber
112 as well as the cushioning resistance will also be increased
accordingly, so that the effect of automatically adjusting the
cushioning resistance with manual-free adjustment can be
realized by means of the upward movement speed or the
downward movement speed of the piston 2.

Embodiment 3

As shown in FIG. 3, the present embodiment is different
form the first embodiment mainly in that the present embodi-
ment further includes an air regulating valve 7 disposed in the
lower air way 13, by which the air flow rate of the lower air
way 13 is selectively set. If the lower air way 13 has a smaller
airflow rate, the lower air chamber 112 will have an instanta-
neous higher pressure, and then the instant downward-push-
ing stroke of the piston 2 is shortened. The adjustment-free
cushioning air cylinder of the present embodiment is suitable
for users in a higher speed sport.

It should be noted that the air flow rate of the lower air way
13 is always less than that of the upper air way 12 and of the
first check valve 3, no matter how to set the air regulating
valve 7, which enables the adjustment-free cushioning air
cylinder quickly filling the air chamber 11 with air and slowly
discharging the air out of the air chamber 11, so that the
cushioning eftect can be achieved by means of the air. When
the upward movement speed and the downward movement
speed of the piston 2 are continuously accelerated, since the
air flow rate of the lower air way 13 is always less than that of
the upper air way 12 and of the first check valve 3, the air
pressure of the lower air chamber 112 and the cushioning
resistance will also be increased accordingly, so that the effect
of automatically adjusting the cushioning resistance with
manual-free adjustment can be realized by the upward move-
ment speed or the downward movement speed of the piston 2.
The present embodiment is not limited to the variations of the
first embodiment, but also can be combined with the second
embodiment to realize the objective of adjusting the air flow
rate.

Embodiment 4

As shown in FIG. 4, the present embodiment is different
form the first embodiment in that the upper air way 21 is
disposed in the piston 2 in the present embodiment, the two
ends of the upper air way 21 is connected to the upper air
chamber 111 and to the outside, respectively. The present
embodiment can further reduce the weight of the piston 2 and
thus have an effect of “lightweighting” by forming the upper
air way 21 through removing materials from the inner of
piston 2.

The present embodiment can also be combined with the
second or the third embodiment to reduce the weight of the
piston 2.

Potential Effects of the Embodiments

The present invention is beneficial in that the adjustment-

free cushioning air cylinder uses a design of a simple air way
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which allows air entering from the top and discharging from
the bottom to avoid the complex design of the air way of the
traditional cushioning air cylinder. By using the check valve,
the present invention can prevent the air from counter-flowing
in the air way so that the air cylinder can be automatically and
unidirectionally filled with external air, and can avoid the
defect of leakage existing in the traditional air cylinder due to
the aging of the device. The adjustment-free cushioning air
cylinder of the invention does not need to adjust the entering
flow rate of the air, but the entering flow rate can be automati-
cally adjusted to produce cushioning resistance as the user is
walking according to the walking speed. The adjustment-free
cushioning air cylinder of the invention can be directly
installed on the prosthesis joint for operation, which avoids
the complex adjustment procedure of the traditional air cyl-
inder. The present invention has a simple structure, high cush-
ioning performance, lower cost, and is not easy to damage,
thus can greatly improve the product competitiveness.

It should be stated that, the above description only illus-
trates the preferred embodiments of the present creation and
is not intended to limit the extent of scope thereof. Therefore
all the equivalent changes by following the concepts of the
specification and the drawings of the present creation should
fall within the claimed scope thereof.

What is claimed is:

1. An adjustment-free cushioning air cylinder for use in a

prosthesis joint, comprising:

an air cylinder body, wherein an air chamber is formed in
the inner of the air cylinder body;

a piston, wherein one end of the piston is slidably disposed
in the air chamber, and the other end extends to the
external of the air cylinder body; the piston divides the
air chamber into an upper air chamber and a lower air
chamber, and does a reciprocating movement between a
first position and a second position in the air chamber;

a first non-return check valve, wherein the first check valve
is disposed in the piston, one end of the first check valve
is connected to the upper air chamber, and the other end
is connected to the lower air chamber, so as to allow the
air unidirectionally flowing from the upper air chamber
to the lower air chamber;

an upper air way, wherein the upper air way is formed
within the air cylinder body and connects the upper air
chamber with the outside;

a second non-return check valve, wherein the second check
valve is disposed in the upper air way, one end of the
second check valve is connected to the outside, and the
other end is connected to the upper air chamber so as to
allow the air unidirectionally flowing from the outside to
the upper air chamber; and

a lower air way, wherein the lower air way is formed inside
the air cylinder body and connects lower air chamber
with the outside; and

a third non-return check valve which is disposed in the
lower air way to allow the air unidirectionally flowing
from the lower air chamber to the outside;

wherein a bore diameter of the upper air way is larger than
that of the lower air way so that the entering flow rate of
the air chamber is larger than the discharging flow rate.

2. The adjustment-free cushioning air cylinder of claim 1,

wherein an air regulating valve is disposed in the lower air
way to adjust the air flow rate of the lower air way.

3. The adjustment-free cushioning air cylinder of claim 1,

wherein a sound-absorbing cotton is disposed at the lower air
way.



